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a  b  s  t  r  a  c  t
INTRODUCTION:  Osteosarcoma  is  the  most  common  primary  malignant  tumour  of bone  and  commonly
involved  sites  are  the  distal  femur,  proximal  tibia,  and  humerus.  Osteosarcoma  of proximal  femur  usually
arises  at  the  metaphysis  and  articular  cartilage  acts  as a  relative  barrier  to tumour  spread,  with  extension
into  the  hip  joint  being  extremely  rare.
PRESENTATION OF  CASE:  A  previously  ﬁt and  well  sixteen-year-old  male  presented  with  a  2 month  history
of  right  hip  pain  and a limp.  Plain  radiographs  and  magnetic  resonance  imaging  (MRI) showed  an  expansile
lesion  in  the  right  femoral  neck,  extending  16  cm  distally  from  the  proximal  femoral  articular  surface
through  the  intertrochanteric  region  into  the  upper  right  femoral  shaft.  There  was  also  clear  evidence  of
intra-articular  extension  into  the  acetabulum.
DISCUSSION: Endoprosthetic  replacement  following  resection  is  a  good  treatment  option  for proximal
femoral  tumours  due  to  the  low  complication  rate and  achievement  of good postoperative  function.
However,  treatment  of a  proximal  femoral  lesion  with  intra-articular  involvement  by prosthetic  recon-
struction  is  challenging.  We  report  a patient  who  presented  with  osteosarcoma  of the  proximal  femur
extending  into  the  hip  joint  and  describe  the  technique  of  en-bloc  extra-articular  resection  of  the  acetab-
ulum  and  proximal  femur  with  reconstruction  using  a custom  made  prosthesis.
CONCLUSION: We  conclude  that  extra-articular  resection  and  endoprosthetic  reconstruction  using  a
coned  hemi-pelvic  implant  with  ﬂuted  stem  and  a modular  femoral  implant  is a useful  treatment  option
in  the management  of  a proximal  femoral  lesion  involving  the  hip-joint.  It  allows  adequate  tumour
clearance  and  stable  reconstruction  for rapid  post-operative  recovery  with  early  mobilisation.
© 2012 Surgical Associates Ltd. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.. Introduction
Osteosarcoma is the most common primary malignant tumour
f bone and commonly involved sites are the distal femur, proximal
ibia, and humerus.1 Other signiﬁcant locations are the proximal
emur, pelvis, skull, and jaw. Osteosarcoma of the proximal femur
sually arises at the metaphysis. Articular cartilage acts as a rela-
ive barrier to tumour spread, and extension into the hip joint is
xtremely rare.2
For tumours conﬁned to the proximal femur, endoprosthetic
eplacement following tumour resection is a good treatment
ption due to its low complication rate and good postopera-
ive function.3–5 However, treatment of a proximal femoral lesion
ith intra-articular involvement by prosthetic reconstruction ishallenging. The need for adequate excision margins and the
natomically complex pelvis means that reconstruction procedures
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Open access under CCare associated with high rates of morbidity and mortality, and poor
functional outcome.6
To date, a technique of complete endoprosthetic reconstruc-
tion of a proximal femoral osteosarcoma involving the hip joint
has not been described. We  report a patient who  presented with
osteosarcoma of the proximal femur extending into the hip joint.
We describe the technique of en-bloc extra-articular resection of
the acetabulum and proximal femur with reconstruction using a
custom made prosthesis.
The  authors have obtained the patient’s informed written con-
sent for print and electronic publication of this case report.
2.  Case report
A  previously ﬁt and well sixteen-year-old male presented with
a 2 month history of right hip pain and a limp. Plain radio-
graphs of the pelvis, hips and proximal femur showed mixed
osteopenic and sclerotic areas in the right proximal femur from the
growth plate distally for approximately 11 cm (Fig. 1). Magnetic
resonance imaging (MRI) showed an expansile lesion in the right
femoral neck, extending 16 cm distally from the proximal femoral
articular surface through the intertrochanteric region into the
 BY-NC-ND license.
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custom-made coned hemi-pelvic implant with ﬂuted stem (Stan-Fig. 1. Plain radiograph demonstrating the lesion in the proximal femur.
pper right femoral shaft. The lesion was seen to breach the cortex
nd extend into the soft tissue, inﬁltrating the quadratus femoris
uscle medially and superiorly, and inﬁltrating the vastus lateralis
uscle laterally. There was also clear evidence of intra-articular
xtension into the acetabulum but no evidence of neurovascular
nvolvement (Fig. 2). Staging computerised tomography (CT) and
one scan conﬁrmed this to be an isolated lesion and CT guided
iopsy conﬁrmed an osteosarcoma.
Initial  management consisted of 6 cycles of neoadjuvant MAP
Methotrexate, Adriamycin, cisPlatin) chemotherapy as per the
uramos 1 Trial,7 followed by an extra-articular resection of
he proximal femur and acetabulum and reconstruction with a
oned hemi-pelvic implant and proximal femoral endoprosthe-
is as described below. Post-operatively the patient was managed
n slings and springs, and following muscle control, allowed to
obilise bearing part of his weight on day 3. Follow-up after one
ear showed satisfactory results with no evidence of tumour recur-
ence or complications like infection or dislocation. The joint was
table with no limb length discrepancy and the patient able to fully
eight bear and routinely perform moderate activities.
Fig. 2. Coronal and sagittal MRI  demonFig. 3. Intraoperative ﬂuoroscopic imaging demonstrating the ‘mobilised’ hip after
the iliac and pubic osteotomies.
3. Surgical technique
With  the patient supine a vertical groin incision was made
over adductor longus. Deep dissection was performed and the
obturator nerve and vessels were identiﬁed and protected. An
ischial osteotomy was made under ﬂuoroscopic guidance using
osteotomes (Fig. 3). The incision was  then closed in layers.
A  Somerville bikini incision was  then made over the ilium. The
abductor muscles were reﬂected subperiosteally from iliac bone
distally to the capsule of the hip joint. Tensor fascia lata was sepa-
rated from sartorius inferior to the anterior superior iliac spine. The
reﬂected head of rectus femoris was  separated from the acetabu-
lum and capsule. Iliac and pubic rami osteotomies were performed
and the hip was mobilised (Fig. 4). The incision was then closed in
layers.
The patient was then turned to a lateral position. A lateral inci-
sion was  made and using an anterior and posterior approach, the
hip joint was mobilised and the proximal femur transected 18 cm
distal from the greater trochanter. An extra-articular resection of
the hip joint and proximal femur was  therefore performed (Fig. 5).
The ilium was  prepared using a custom reamer. An uncemented,more Implants Worldwide Ltd., Stanmore, United Kingdom) was
inserted into the iliac cavity adjacent to the sacro-iliac joint under
strating the extent of the lesion.
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aig. 4. Macroscopic appearance of the tumour after the extra-articular resection.
uoroscopic guidance. Two AO cancellous screws were inserted
nto the ilium to provide a frame for a cement block to be applied
round the implant. A polyethylene liner was cemented into the
hell. A modular femoral endoprosthetic implant was constructed
Fig. 6). A Trevira tube8 (mesh tube used for re-attachment of soft
issues) was applied to the prosthetic femoral stem and muscles
eattached to the tube and incision closed.
. Discussion
Articular cartilage provides a structural barrier to tumour inva-
ion and hip joint involvement by lesions of the proximal femur is
ncommon.1,2 Endoprosthetic replacement of a lesion conﬁned to
he proximal femur is a good option for reconstruction after tumour
esection due to its low complication rate and good postoperative
unction.3–5
However, surgical resection of a malignant lesion involving the
cetabulum is challenging and controversial. Aiming for adequate
xcision margins via an extra-articular approach, and an adequate
econstruction is usually associated with signiﬁcant morbidity and
ortality, and variable functional outcome.
A number of peri-acetabular reconstruction procedures exist.rthrodesis and arthrosis have lower rates of morbidity but are
requently associated with a shortened limb and poor function.6,9
natomic reconstruction with biological techniques such as
llografts or re-implantation of the excised bone after
Fig. 5. Post-operative radiograph demonstrating the extenFig. 6. Histological photo of the tumour showing severely atypical osteoblasts
embedded  within lace-like osteoid matrix (H&E stain, 4× magniﬁcation).
autoclaving or irradiation have high rates of infection, non-union,
tumour recurrence, fracture and dislocation.10,11
Peri-acetabular resection and endoprosthetic reconstruction for
tumours of the acetabulum is well established12 but associated
with high morbidity. The saddle prosthesis, originally developed
for revision of failed total hip arthroplasty, has been used in recent
years as a reconstruction device for large bone defects following
resection of peri-acetabular malignant tumours.13–15 The implant
transmits load between iliac bone and bare polish chrome-cobalt.
Early clinical and radiological results indicate that a useful and sta-
ble articulation can be achieved. However, commonly encountered
complications are deep infection, dislocation and peripheral nerve
palsy.16,17
Jaiswal et al. reported a series on 98 patients with peri-
acetabular tumours treated by resection and reconstruction with
custom-made saddle prosthesis and found this procedure to be
associated with signiﬁcant morbidity and advised that patients be
carefully selected and informed of the high complication rates pre-
operatively.12
Falkinstein et al. reported a retrospective study of 21 patients
who underwent limb salvage following type II pelvic resection
and endoprosthetic reconstruction. The prosthesis was designed
to use the remaining part of the ilium to support a horizontally
placed acetabular component secured with internal ﬁxation and
bone cement. The most common complications encountered were
deep infection, superﬁcial wound infections, and dislocation.18
t of excision and the endoprosthetic reconstruction.
 –  O
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To date there has been no report on the technique of extra-
rticular resection and complete endoprosthetic reconstruction of
 proximal femoral osteosarcoma involving the hip joint. Naka-
ura describes the use of an extra-articular resection of a proximal
emoral tumour involving the hip joint in 1 case of Ewing’s sarcoma
nd 2 cases of osteosarcoma. Proximal resection was achieved via
 triple osteotomy. The cartilage was shaved off the pelvic aspect
f lesion, and the bone soaked in cisPlatin, and reimplanted with
econstruction plates to ﬁx it to the pelvis.19 His results showed
hat between 24 and 37 months postoperatively all three cases
xperienced hip dislocations and two cases experienced infection
nd average functional evaluation score using ISOLS (International
ymposium on Limb Salvage) criteria was 71% (range: 50–83%).
With  the intention of complete endoprosthetic replacement, the
ajor challenge and goal, in this case, was to achieve biomechanical
tability of the construct and minimise the risk of infection and
islocation.
Following the excision of large tumours and the resultant loss
f bone stock, achieving mechanical stability of the prosthesis is
ifﬁcult. A potential solution is to use a conical ﬂuted stem. The
esign of the conical ﬂuted stem allows it to ﬂex and load the prox-
mal body with complete distal ﬁxation and exceptional rotational
tability. The successful use of conical ﬂuted stems use in primary
nd revision total hip replacement with signiﬁcant bone loss has
een well described.20–22 Bruns et al. have recently reported on the
utcome of 25 patients in whom a MUTARS (modular tumour and
evision system) mega prosthesis with a conical ﬂuted stem was
sed in the treatment of bone tumours. After a mean follow-up
eriod of 2.5 years they showed no radiological evidence of stem
oosening or subsidence with low rates of dislocation and support
he use of a ﬂuted stem implant on a background of precise
re-operative planning.23
Further beneﬁts of this technique include not requiring allograft
econstruction or re-implantation of an excised segment which is
ssociated with signiﬁcant infection rates10,13 and it allows the use
f the Trevira tube as described by Gosheger et al.,8 which allows
oft tissue reattachment without increasing the risk of infection.
We  conclude that extra-articular resection and endoprosthetic
econstruction using a coned hemi-pelvic implant with ﬂuted stem
nd a modular femoral implant is a useful treatment option in the
anagement of a proximal femoral lesion involving the hip-joint.
t allows adequate tumour clearance and stable reconstruction for
apid post-operative recovery with early mobilisation.
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